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In  order  to  succeed,  CALS  must  be  a  joint  government-industry  effort  [8].  The  government  must  be  ready  to  require, 
receive,  and  use  digitized  data  efficiently  and  the  private  sector  must  be  able  to  respond  competitively  to  supply  data  in  that  form. 
It  was  recognized  that  a  better  understanding  of  the  cost  implications  of  applying  integrated  design-manufacturing-support 
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systems  was  needed.  That  understanding  could  then  be  applied  in  the  development  of  the  government  infrastructure  and  in  the 
encouragement  of  system  installations  within  the  private  sector.  By  encouraging  the  private  sector  to  invest  in  integrated  systems, 
the  £)oD  could  help  ensure  a  high  level  of  economic  and  effective  competition  in  the  weapon  system  acquisition  process.  IDA 
was  requested  to  assist  by  exploring  potential  cost  savings  associated  with  computer-aided  systems  and  by  reviewing  industry 
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We  found  that  some  confusion  exists  in  the  definition  of  CALS  within  the  context  of  integrated  design-manufacturing- 


PHASE  II  INTEGRATION  TARGET 
INTEGRATED  WEAPON  SYSTEM  DATABASE  (IWSDB) 


The  first  CALS  report  [2]  presented  two  primary  recommendations.  One  was  to  integrate  the  many  computer-aided  tools 
and  methodologies  to  promote  the  automation  of  the  design  process.  The  second  was  to  move  from  a  paper-based  information 
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WHAT  IS  CALS? 
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THE  COMMUNICATION  AND  INTERCHANGE  OF  DATA 
AMONG  COMPUTERIZED  FUNCTIONAL  SYSTEMS 
THROUGH  CENTRALIZED  AND  INTEGRATED  DATABASES. 


CALS  is  not  a  specific  hardware/software  system.  It  is  the  phrase  used  to  describe  the  initiative  and  encouragement  of  the 
communication  and  use  of  digital  data,  stored  in  centralized  databases,  throughout  the  life  cycle  of  a  system.  As  data  and 
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The  guiding  phrase  in  this  statement  of  the  problem  is  that  the  location  of  the  expected  benefits  from  CALS 
implementation  "is  not  yet  apparent".  One  of  the  goals  of  this  phase  of  the  task  is  to  determine  where  the  savings  will  probably 
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To  our  knowledge,  no  operational,  fully-integrated  Phase  II  CALS  system  has  been  installed.  Therefore,  the 
investigation  of  the  costs  and  benefits  of  a  fully-integrated  system  will  require  much  time.  The  total  effort  may  take  three  to  five 
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TASK  1:  DATA  COLLECTION 
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TASK  1:  DATA  COLLECTION 
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TASK  2:  COST/BENEFIT  STRUCTURE  FOR  IDMS  SYSTEMS 
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TASK  2:  COST/BENEFIT  STRUCTURE  FOR  IDMS  SYSTEMS 
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Cost  and  benefit  structures  aid  decision-makers  by  identifying  where  resources  are  used  and  benefits  gained  and  by  aiding 
in  cost  and  beneHt  estimation.  The  structures  are  an  integral  part  of  the  decision-making  process  for  investing  in  IDMS  systems. 
If  good  decisions  on  IDMS  systems  are  to  be  made,  then,  not  only  must  the  structures  be  appropriate,  but  the  overall  process 
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Problems  with  the  traditional  ROI  methodology  have  been  address  by  Hayes  [10]  and  others.  Problems  include: 
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more),  even  when  the  actual  long-term  cost  of  capital  is  much  lower.  Higher  rates  are  justified  by: 
A  need  to  cover  the  uncertainies  of  a  new  project. 

A  desire  to  motivate  managers  to  select  the  best  projects  (to  get  over  the  hurdle). 

A  desire  to  raise  the  future  average  ROI  by  requiring  a  higher  return  on  new  projects. 
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The  problems  discussed  above  can  be  addressed  by  an  improved  capital  budgeting  methodology.  One  source  of  an 
improved  methodogy  is  that  of  the  time-proved  DoD  Cost  Benefit  Methodology.  We  briefly  touch  on  major  aspects  of  that 


( 


H  - 
S  -S 
.5  X 

A  O. 

s  i 

■§  ^ 
> 


4i 

JS 

4-i 

B 

o 

cd 

.c 

S 

— 

iA 

CA 

e 

13 

8 

u 

o 

> 

2 

JB 

«c 

1 

CA 

t 

2 

<2 

CA 

Cd 

T3 

h 

3 

<A 

CA 

A 

Cm 

O 

2 

O 

CQ  ^ 

.S 

5  "o 
u  s 

•S  g, 

o  «« 

a>  .S 

5  O 
•a  “ 

CL, 

B  B 

C  ed 
tS  X 
U 

•s  ^ 

O  CA 
■«  § 
.H:  o, 

I  ^ 

(A  2 

SJ  -S 
^  § 
»2  .a 

CA  C 

^  3 


i  III 


Q*  Ok 
5S  c« 

s  I 

•a*  6 

e  (A 

®  S 
««  o 

c  .2 

u  u 

<5  ^ 

O  t3 
•2 
.2 

.  13 
g 

S  o. 
if  eT 

I  “ 
?  I 

I  1 

CB  O 
•=  •C 


S  8 

^  o 
««  *22 
CA  C 

cd  O 
iJ 

O  if 

u  V 

c  ^ 
<u  S 

^  a 
S  I 
S  o 
!S  ^ 

P  M 

5.  6 
v  S 

^  -a 

•o  o 
•c 

1 .1 
S  1 


s  ?s  s 


C 

o 

a 

o 

u 

1 

(m 

U 

o 

(A 

60 

g 

a 

o. 

§ 

*8 

'S> 

e 

8 

8 

Cd 

JS 

(j 

U 

ca 

8 

ii< 

v 

a 

CA 

B 

Q 

3 

o. 

a 

a> 

CA 

u 

a 

p 

CA 

‘c 

2 

U 

o 

o 

e 

a 

CA 

if 

c 

*<o 

o 

c 

a 

a 

u 

o 

•s 

•g 

2 

2 

.o 

u 

1 

■| 

1 

CA 

1 

•o 

H. 

c 

8 

Oi 

& 

‘3  3 
S-  «« 
«  ^2 

.8  i 

ts  ‘I 

1  I 

s 

c 

^  a 

cd  c 

■£  o 

2  2 

&  a 

I  S 
•S  S 

u  u 

i  ^ 

^  •£ 


if 

•o  u 

1  I 

"§  -Ja 
S  o 

*"  jC 

e  o 

if  s 

te  ■" 

o  a 
3  -o 

.c  u 

2  5 
p  «> 

s 

a 

§  .2? 

I  1 

^  I 

•g  B 

1  ^ 

>;  « 

2  c 

1  .s 

®  s 

2  S 

a  M 


1  8 


>N 

&  ^ 
5  2 


^  a  ^ 

o  „  L- 


U  S) 

«  i 


“f  13  a 
.2  -P  id 

•O  &  ed 

4  CQ 

2  u 

*"  c/5  ® 

Q  S  a 

Q  a  t 

c  c  o* 
JC  —  « 

r—  **-■ 

a  o 


^  Si  2 

ti  2 

j:  Q.  3 

o 

Sv 

>  S  ^ 

—  O  c« 

8  -S  -Sc 

•"  §  I 

CA  C 


1 1 1 

C  CA  u 

**  *•  rs 

o  «  ‘S 

rS  g 


>  M 
4> 


O 

«  ^  g 

2  I  -S 

I  a 

c  2  g 


cd  "rj 
o  x: 


S  4> 

a  a 

(to  o. 


Jg  2  o 

8.  §  S 

2  *3 

o  ’-g  c2 
c  1  a 

o  Cd  O 

’S  n  ~ 

o  u 

if 

W  8  I 


CA  3 

^  c"  C 

s  2  'a 
&  ^  ^ 

I  J  ^ 

•2  .5  c 
^  g  60 

•“  cii  c 
«S  2 

a  §  2 
a*  ‘5  - 
i  s  g 

8  ’a.  -S 

i  I’l 


I  § 

8  o. 


W  O  •3 

di  L-  O. 

►  ^  >o 

—  eg 
Cd  t>  cd 

e  <c 

^  O  3 


^  § 


§  C 


B  3 
«  '3 


O  73 


■  3  U 
60  60 
2  *0 
.§  5 


explicit  models  that  depict  relationships  among  variables  and  describe  the  major  assumptions  of  the  future  context.  Firms 
examining  possible  IDMS  systems  should  spell  out  the  assumptions  about  the  future,  and  have  cost  and  benefit  models  to  aid  in 
their  estimation. 


Cost  structures  serve  to  identify  areas  of  resource  usage  and  dollar  costs  for  a  given  system.  Military  system  cost 
structures  rarely  are  able  to  draw  upon  accounting  systems  for  data,  especially  for  government  costs,  since  government 
accounting  systems  are  generally  oriented  to  fiduciary  accountability  and  not  to  costs  incurred  by  weapon  system.  Consequently, 
DoD  cost/benefit  studies  overwhelmingly  use  data  obtained  by  ad  hoc  searches  of  databases.  The  Planning,  Programming, 
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intangible)  matrix  for  an  integrated  manufacturing  environment. 


(5)  Recommendations.  The  compilation  of  relevant  data,  and  its  analysis,  should  result  in  a  set  of  recommendations 
for  the  decision-maker  to  consider.  Industry  patterns  should  be  the  same,  and  top  management  should  be  involved  in  the 
decisions. 
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14.  FACILITIES  MANAGEMENT 

15.  PRODUCT  SERVICES 


CAM-I  reconunends  that  a  firm  evaluate  its  activities  according  to  IS  functions.  These  functions  will  be  described  in 
more  detail  later.  The  fust  function,  Strategic  Planning,  is  of  extreme  importance,  as  it  includes  5-  to  10-year  forecasts  of  the 
firm’s  products  and  product  mix,  competitive  strategies,  and  financial  constraints. 
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i.  ESTABLISH  A  COST-BENEFIT  TRACKING  SYSTEM 
("COST  BENEFir  IS  USED  HERE  IN  A  NARROW  MEANING) 


CAM-I  has  designed  an  investment  management  system  for  evaluation  of  advanced  technologies.  The  eight-step  process 
is  very  similar  to  the  £>oD  cost/benefit  methodology.  These  steps  will  be  discussed  next  as  we  look  at  an  IDA-recommended 


I 

I 


COST/BENEFIT  METHODOLOGY 


I 


|o 

82 

UJO 

OCq 

■dO 

CI 

Om 

it 

DCoJ 

|o 

oco 

OCO 

.  s 


I  5 

-]  LU 
Q.  I- 

O  LU 

o  5 

ly  3 

<  Q 
CC  Z 

CO  o 
O  t 

g  0 


cog 

2  H 
LU  CO 

S  »- 

o  o 


O  1 

^  < 
h-  z 

Q  > 
Q  Q 
LU 


CO 

LU 

QC 

3 

I - 

O 

ID  CO 
DC  H- 
|~  Ul  lU 

CO  LU  Q 
I-  Z  ^ 
CO  LU  ^ 

O  CQ  >- 
O  lU  E 

•  -  _ I  l~“ 

CO  CD  C/5 

OT  O  g 

8M- 

•  •  •  * I  I  I 


o  LU  ^ 
>-  Q  > 

^  < 

y=  y  j 

-I  ?  CL 


CM  CO 


CO 
CO  LU 
LU  O  H- 
>  2  X 
P  LU  LU 

2  O  2 
CC  LU  O 
LU  CO  O 
h  5  LU 

<  8  §  {5 

S:  5  o 

P  ^  u-  O 


0. 

O 

CO  LU 

b  O 

LL  _l 
LU  uj 

LU  m 
CQ  ^ 


CM  CO 


Q  O 


m  o 

—  o 
O  UJ 

<  co“ 

H  b  2 

LLj  E  LU  O 

58^0 

I  5  CD  LU 

O  ^  LU  -J 

rr  ii  ^  ^ 

CC  O  CQ  CO 

LL  X  O  O 

<  DC  Z  _i 

I  !5  f  £ 

g  £ 


LU  — 

o  u- 

Sg 

O  m 

i  Q 

S  LU 
DC  X 
LU  LL 


CO  CO 
CO  2 
HI  O 

I  ^ 

1“  2 
O  m 
LU  ^ 


LU  O 

O 

LU 

DC 


m  CD 


DECISION  AND  IMPLEMENTATION  6.  DECISION  AND  IMPLEMENTATI 

EVALUATION  7.  COST-BENEFIT  TRACKING 


IDA  has  combined  the  proven  features  of  DoD's  cost/benefit  methodology  with  that  of  the  CAM-I  investment 
methodology  to  recommend  an  IDMS  Co:* 'Benefit  Methodology.  Brief  comments  on  the  seven  recommended  steps  follow: 
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and  benefits. 

(7)  Cost/Benefit  Tracking.  The  CAM-I  methodology  calls  for  an  explicit  cost/benefit  tracking  system  to  be 
implemented  in  a  firm. 
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Cost/Benefit  Structures 


COST/BENEFIT  STRUCTURES 


1-5  5  5 

2j  Q  Q  Q  Q 
O  «  ^  5  -10 
o  £  z»  £  ly  £ 
<  u.  CD  0.  u.  a. 


5  O  3 

£ii 


z  w  t; 
a  m  < 
iJJ  2  3 
<r  o  < 

O  LU  5 

w  CE  a 


QQ.<5U-W  UJQ  >h- 
LLIUJ  CCO  LUO 
I  I  O  Q  0.  5  CC  Z 


2  OT 

05  g 
UJ  o 

Q  9 


52  ii 

Q  05  J  < 
0.  ai  <  X 
3  O  >  O 


9-$  ?<■ 


^0;  >  0.  0.  □. 
cc  o  UJ  o  0.  o 
0.  UJ  X  LU  <  LU 


*  (15  1 05 

lilsi  tii<! 

O  lU  Q  Q  Z 
0.  D.  O  0-  S 
3  05  F  3  2 


Q  o  X 


Three  companies  were  willing  to  share  the  results  of  their  analyses  and  development  of  a  new  functional  cost  structure. 
Each  of  the  companies  was  at  a  different  stage  in  their  development  process. 
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Company  B  is  much  farther  along  in  structure  development.  They  have  developed  a  structure  identifying  the  major  cost 
elements  and  organizational  groupings  as  well  as  the  functions.  The  functions  shown  on  the  slide  have  been  further  subdivided 
to  at  least  the  Hfth  tier.  We  have  no  indication  of  any  further  breakdown  of  the  organization  and  element  structures.  File 


Hiis  is  an  example  of  the  breakdown  of  the  {H'oduction  function  developed  by  Company  B.  Only  one  path  is  shown  to 
the  fifth  tier.  Each  of  the  other  categcnies  in  the  second,  third,  and  fourth  tiers  would  be  subdivided  as  appropriate. 
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FUNCTIONS 


Company  C  has  also  developed  a  functional  cost  stnicture.  We  were  not  able  to  identify  an  organizational  stucture  in  the 
material  provided  to  us.  The  cost  element  listing  did  not  indicate  any  further  division  of  cost  categories.  However,  a  rather 


An  example  of  one  trail  through  Company  C's  functional  breakdo^^n  is  shown  here. 

Each  of  the  three  examples  represent  the  beginnings  of  a  functional  evaluation  of  a  company's  activities.  They  were 
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We  have  reviewed  the  current  efforts  to  develop  a  functional  cost  breakdown  structure  in  the  light  of  the  CAM-I  work 
[15]  and  cost/benefit  methodology.  The  following  vugraphs  present  our  proposal  for  a  "strawman"  structure.  It  should  be  noted 
that,  as  with  any  generalized  structure,  application  would  require  modification  to  fit  the  company  and  the  product  line.  This 


NOTIONS 


The  proposed  structure  is  a  dual  one  covering  costs  and  benefits.  The  reason  for  separating  the  cost  and  benefit  structure 
is  to  provide  a  vehicle  for  estimating  qualitative  benefits.  Each  of  the  surfaces  would  be  subdivided  to  reflect  the  speciHc 
company's  organization  and  activities. 
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A  basic  organization  for  an  aerospace  defense  contractor  is  depicted.  The  structure  should  be  modiHed  to  match  each 
specific  firm's  organization  and  detail  should  be  added,  as  appropriate. 
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IDA-RECOMMENDED  LIST  OF  IDMSS  FUNCTIONS  -  PARTIAL  DETAIL 

AEROSPACE  FIRM  -  AIRCRAFT  SYSTEMS 
(DRAWN  FROM  CAM-1  AND  INDUSTRY  LISTS) 
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Each  function  has  been  subdivided  into  as  many  as  five  levels,  as  shown  on  this  sample  display  of  the  detail.  A  full 
listing  is  given  in  Table  1.  The  detail  follows  that  of  an  aircraft  manufacturer  and  emphasis  is  on  logistical  and  training  support. 
CALS  interface  areas  of  design  (engineering  drawings),  manufacture  (drawings  and  ECPs),  logistics  (spares  provisioning),  and 


Design 

1 .  Conceptual  design 


Table  1.  lOA'Recommended  List  of  IDMS  Functions  (Continued) 


luction  Operations 

Control  production  orders 
Control  production  items  and  tools 
Perform  physical  production 


Table  1.  IDA'Recommended  List  of  IDMS  Functions  (Continued) 
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Personnel  management 
Employee  training  administration 
Compensation  management 
Benefit  administration 


1 2 .  Infonnation  Systems/Financial  Management 

A.  Design  information  systems  ~  other  than  program  management 

B.  Implement  systems 
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.  provide  interface  analysis  support 
.  assist  acquisition/training  services 
.  assist  support  equipment  design 


Table  1.  IDA-Recommended  List  of  IDMS  Functions  (Continued) 
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.  Provide  engineering  support  of  manufacturing 
.  Support  verification,  deployment  of  product 


Table  1.  lOA-Recommended  List  of  IDMS  Functions  (Continued) 
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4.  perform  liaison  engineering 
I .  validate  prototype/proof  kit  testing 
.  support  retrofit  of  update  or  modification 
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The  estimation  of  resources  required  by  an  IDMS  system  is  aided  by  a  cost  structure  as  recommended  here.  Personnel 
should  be  estimated  in  average  man-years  (not  headcount)  by  direct  and  indirect  categories  by  function  within  each  organization. 
Land  and  Facilities  should  be  estimated  for  the  indicated  activities.  The  list  of  functions  will  aid  as  a  check  in  ensuring  that 
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Slide  30 

The  resources  identified  above  as  required  for  the  IDMS  system  must  be  translated  into  dollar  costs  as  shown  on  this 
structure.  Capital  costs  must  be  estimated  separately  from  Program/Product  costs.  The  "As  Is,"  "To  Be,"  and 
<  Pnct"  frwrmat  shniilH  he  used.  Assien  overhead  costs  to  product  costs  using  burden  center  rates,  but  examine 
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Indirect,  or  overhead,  costs  should  be  estimated  by  burden  center  based  upon  a  buildup  by  function.  The 
reconunended  chart  of  accounts  is  based  upon  IDA's  in-depth  studies  of  the  indirect  costs  of  1 1  major  aerospace  contractors. 
Obviously,  some  oveihead  elements,  such  as  Fringe  BeneHts,  will  not  vaiy  as  a  function  of  IDMS  equipment. 
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GREATER  MANUFACTURING  FLEXIBILITY 
INTEGRATION  OF  DESIGN,  PROCESS  PLANNING  AND  MFG. 
STANDARDIZATION  BENEFITS,  DESIGN  NONPROLIFERATION 
IMPROVED  PRODUCT  QUALITY,  RELIABILITY,  MAINTAINABILITY 


The  structure  recommended  for  the  estimation  of  benefits  is  divided  into  sections  for  tangible  benefits  and  intangible 
benefits.  The  "reduction"  is  of  course  the  value  of  the  "Incremental  Benefit"  colunm  and  not  the  "As  Is"  or  "To  Be"  columns, 
which  contain  total  values.  Time  estimates  and  reductions  in  inventory  must  be  converted  into  dollar  estimates,  but  separate 
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To  close  this  discussion  of  cost  and  benefit  structures,  let  us  review  their  relationship  to  the  cost/benefit  methodology 
recommended  earlier.  In  that  IDMS  methodology,  step  3  was  Predicting  Consequences  and  Step  4  was  Criteria  for  Choice.  The 
costs  in  resources  and  dollars  would  be  estimated  using  the  cost  structure  tables,  while  the  benefits  would  be  estimated  from  the 
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SOURCE:  REFERENCE  [18] 


From  our  briefing  notes  [18],  we  found  three  order-of-magnitude  cost  estimates  that  bear  a  reasonable  relationship  to  each 
other  and  are  presented  here  to  indicate  the  probable  costs  of  implementing  IDMS  systems. 
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magnitude  is  in  line  with  the  others. 
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This  vugraph  shows  a  summary  of  reported  savings  and  benefits  experienced  by  companies  implementing  various  parts 
of  IDMS  systems.  The  data  speak  for  themselves  and  show  the  potential  value  to  industry  of  properly  implementing  advanced 
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